In order to obtain novel bioactive compounds with significant antifungal activities, a series of 2H-1,4-benzoxazin-3(4H)-one analogs linked with a 1,2,3-triazole moiety have been designed and synthesized via click reactions in a one-pot process at room temperature using CuCl as the catalyst. Their antifungal activities were tested against two plant-pathogenic fungi, Rhizoctonia cerealis (RC) and Colletotrichum capsici (CC). Statistical analysis showed that among the tested compounds in particular compound 3a exhibits a significant growth inhibitory activity against both RC and CC. All the synthesized compounds have been characterized by IR, HRMS and NMR experiments.
Introduction
2H-1,4-Benzoxazin-3(4H)-one [1, 2] is an important heterocyclic scaffold. Molecules containing such a scaffold have been shown to exhibit a range of biological activities [3 -7] . Among the examples shown in Fig. 1 , compound A exhibits both thrombin inhibitory and fibrinogen receptor antagonistic activities [8] . Compound B is not only a novel antibacterial and antifungal (anti-candida) agent [9 -11] , but also a potential agent for treating anxiety, depression and negative symptoms in schizophrenia [12 -14] . Compound C and other glycosides with the 2-hydroxy-2H-1,4-benzoxazin-3(4H)-one skeleton, which are isolated from gramineous plants, have been suggested to act as plant resistance factors against microbial diseases and insects [15] . Compound D is an inhibitor of bacterial histidine protein kinase [16, 17] . In recent years, in order to obtain all kinds of 2H-1,4-benzoxazin-3(4H)-one derivatives, different synthetic methods have been developed [18 -22] .
The 1,4-disubstituted 1,2,3-triazole derivatives have received much attention for their wide range of biological properties including that of a human β 3 -adrenergic receptor agonist [23] , and anti-microbial [24] , anti-HIV [25] , anti-convulsant [26] , and anti-allergic effects [27] . As far as we know, the modification by introducing 1,2,3-triazole groups into 2H-1,4-benzoxazin-3(4H)-one has not been previously reported. The main purpose of this work is to synthesize a series of 2H-1,4-benzoxazin-3(4H)-one derivatives linked with a 1,2,3-triazole moiety. Their antifungal activities were assessed in vitro against two plant pathogenic fungi, CC and RC, while the antifungal agent diniconazole was used as a standard.
Results and Discussion
A one-pot synthesis, to improve the efficiency of a chemical reaction, is much desired because timeand chemical-consuming separation processes and purification of the intermediates are avoided. The key step for the synthesis of the target molecules is the copper(I)-catalyzed azide-alkyne cycloaddition (CuAAC) reaction. One aim of this paper is to establish a one-pot reaction of 2H-1,4-benzoxazin-3(4H)-one (1a) [28] or 2H-1,4-benzoxazin-3(4H)-thione (1b) [29] , propargyl bromide and substituted phenyl azides [30] . Initially, in order to optimize the reaction conditions, the reaction of 1a (1 mmol), propar- gyl bromide (1 mmol) and 1-azido-2-methyl-benzene (1 mmol) in different co-solvents catalyzed by CuCl (10 mol-%) in the presence of sodium acetate (1 mmol) as the base at room temperature was selected as the model reaction (Scheme 1). Among the tested organicwater co-solvents, such as ethanol-water, acetonewater, DMF-water, and 1,4-dioxane-water, the model reaction in DMF-water (10 mL 1 : 1) showed the best results, and the yield was 85 % in 5 hours. Under the optimized reaction conditions, triazoles 2a-g and 3a-e were synthesized using 1a or 1b as the starting materials as shown in Table 1 . All structures of the compounds synthesized were confirmed by 1 H NMR, 13 C NMR, IR, MS, and HR MS experiments. In order to prove the significance of attaching a 1,2,3-triazole ring at the 2H-1,4-benzoxazin-3(4H)-one scaffold, compounds 2 and 3 were evaluated for their in vitro antifungal activities against two plant pathogenic fungi, CC and RC, taking diniconazole as the reference drug. Antifungal activity was evaluated by measuring fungal colonies in the presence of the tested compounds. This experiment was performed three times.
All compounds were tested at a concentration of 20 µg mL −1 , and the results are shown in Table 2 . The Table 1 . 2H-1,4-Benzoxazin-3(4H)-one derivatives linked with a 1,2,3-triazole moiety (2a-g, 3a-e). results revealed that most of the tested compounds displayed good inhibitory effects on the growth of the tested RC and CC strains. Among all the synthesized compounds, compound 3a showed the best antifungal activities against RC and CC strains with 59 % and 68 % inhibition, respectively. For CC strains, compounds 2c and 3d showed the same fungicidal activity with inhibition of 67 %, a slightly lower value than that of 3a. Compounds 2b, 2e, 2f, and 3d showed poor fungicidal activities against the tested fungi (CC, RC) in vitro, and 2f showed no antifungal activity against RC. Compounds 2g, 3b, 3c, and 3e showed better activities against RC than CC. Compounds 2c and 3d showed better activities against CC than RC. All compounds showed better activities against CC strains than compound 1a, indicating the significance of introducing a 1,2,3-trizaole moiety into 1a and 1b. It is worth mentioning that compounds synthesized from 1b exhibit overall better fungicidal activities than the compounds from 1a, which means that the element sulfur plays a significant role in enhancing the antifungal activities of the compounds against the two tested strains. Based on the results mentioned above, compound 3a could be taken under consideration for further antifungal research.
Experimental Section

General Information
All chemicals were obtained from Tianjin Kermel Chemical Reagent Co., Ltd. and were used as received. All melting points were determined on a Yuhua X-3 melting point apparatus and are uncorrected. IR spectra were recorded on a Bio-rad FTS-40 spectrometer. 1 H and 13 C spectra were recorded on a Bruker Avance 400 MHz spectrometer operating at 400.13 and 100.61 MHz, respectively. NMR spectra were recorded in CDCl 3 or [D 6 ]DMSO at room temperature (20 ± 2 • C). 1 H and 13 C chemical shifts are quoted in parts per million downfield from TMS. ESI MS were recorded on a Bruker Esquire 3000 instrument. High-resolution mass spectra (HR MS) were obtained from a MicrOTOF-Q II mass spectrometer with an ESI source (Waters, Manchester, UK).
General procedure for the synthesis of the 1,4-benzoxazinon-derived aryl-1,2,3-triazoles (2a-2g and 3a-3e)
In a 50 mL round-bottom flask containing 20 mL of DMFwater (1 : 1 v/v), 1a or 1b (1 mmol), propargyl bromide (1 mmol), sodium acetate (1 mmol), substituted phenyl azide (1 mmol) and cuprous chloride (10 mol-%) were added and stirred at room temperature. After the reaction was finished (TLC control), the mixture was poured into water and extracted with chloroform. The resulting organic phase was washed with brine, dried over Na 2 SO 4 and evaporated under reduced pressure. The crude material was then purified by column chromatography using ethyl acetate-hexane (1 : 15 v/v) as eluent to give the title compounds.
Fungicide screening
The tested two plant pathogenic fungi, CC and RC, were provided by the College of Life Science, Henan Normal University. The fungicidal activity was evaluated in vitro according to the literature procedures [31] , fungicide diniconazole being used as a standard.
A stock solution of 200 µg mL −1 of each compound was prepared using DMSO as a solvent. A working solution (20 µg mL −1 ) was prepared by diluting the stock solution (0.1 mL) with sterilized water (0.9 mL) in a 10 cm diameter Petri dish. Potato dextrose agar (PDA, 9 mL) was then added to prepare the plate. The plate was swirled to mix the compound into agar thoroughly under sterilized condition. After the agar had solidified, a fungi cake of 0.8 mm diameter was inoculated on each plate and cultured in the incubator at 28 • C. After 48 h, the diameter of fungi spread was measured. Growth inhibition was then calculated using the corresponding control. Thein vitro inhibition percentages were also calculated. [1, 4] 
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